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[57] ABSTRACT

~ A furnace having an easily disassembled vacuum cham-

ber to facilitate muffle replacement. The muffle is lo-
cated over pins on the vacuum chamber base and is held
against the base by a leaf spring between the muffle and
the vacuum chamber top. The cylindrical wall of the
vacuum chamber is correctly located with respect to
the muffle by upright spacer bars upstanding from the
vacuum chamber base about the periphery of the cylin-
drical wall. The spacer bars further serve to tie the top
and base of the vacuum chamber together and against
the cylindrical wall. The furnace is bottom loaded and
has a door seal carried by the base so that the seal 1s not
exposed to the direct heat from the muffle when the
door is opened. |

11 Claims, 3 Drawing Figures
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FIG. 3
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i
-~ VACUUM FIRING PORCELAIN FURNACE

BACKGROUND OF THE INVENTION'

" The present invention relates to a kiln, furnace or the
like and more particularly to such a furnace as may be
suitable for use by dental laboratories in the ﬁrlng of
dental porcelain or crowns, bridges and the like.

It is desirable to fire dental porcelain in a snbatmo-
spheric environment. Aecerdmgly, dental porcelain
firing furnaces, as are known in the art, have a muffle
housed within a chamber that can be evacuated. Since
this chamber must be air tight, the replacement of
burned out muftles 1s usually a tedious process resulting
in considerable down time of the furnace.

It is also known in the art to have such fnrnaces bot-
tom loaded. In this way, the raw crown or bridge work
can be gradnally raised into the.furnace muffle so that
the heat of the furnaee will dry and preheat the work-

2

the ‘door swings inward through opening 20 and up-
ward into the furnace as will be described hereinbelow.
Referring to FIG. 3, only the furnace portion 16 of

- the unit shown in FIG. 1 is shown as it is this part which
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piece prior to firing. Bottom loading has proved to be

more heat efficient under these circumstances in that
less heat escapes the mufﬂe than from a front loading
door. | |

A bottom loading furnace permits a more uniform
distribution of heat about the work piece whereas a
front loading furnace for example, may have a cold spot
at the front. However, there must be a means to seal the

bottom loadlng door against the muffle in order to draw

a vacuum within the chamber. In the prior art, this has
been accemphshed by an O-ring attached to the door.
Such O-rings have had a short life in that with the door
partly open, and in a position to dry the restoration
prior to firing, the seal on the door is dlreetly exposed to
the heat of the furnace. .

In contrast to.the prior art, the vacuum firing porce-
lam furnace of the present invention is easily assembled
or disassembled thereby greatly facilitating muffle re-
placement. The present invention also relocates the seal
means for the door of the furnace which increases seal

life.

DESCRIPTION OF THE DRAWINGS

FIG 1is a perspeetlve view showing the furnace
w1th the bottom loadlng door in an open position;

FIG. 2 is a plan view partly broken away and in
sectlon showmg the muffle portion of the furnace; and

FIG. 3 1s a view taken along lines 3—3 of FIG. 2 but-

on a larger scale.

DESCRIPTION OF THE PREFERRED
| EMBODIMENTS

Referring to the drawings, FIG. 1 shows the vacuum
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firing porcelain furnace generally. indicated at 10. The

furnace includes the base portion 12 which supports a

control console 14 and a furnace portion 16. Various
electrical and- vacuum line connections are at the back
of the unit and are not shown. -
- Preferably,- the furnace 1s bottom loading. In this
respect, the furnace door, while not identical to, is simi-
lar 1n many respects to the door arrangement shown for
example in U.S. Pat. No. 4,074,963. 1t is sufficient for
purposes. of the present invention to say that the door 15
is supported on a parallel motion linkage indicated at 18
and that when the door is opening, it swings down and
forward: through an opening 20 at the front of furnace
portion 16. The door carries a hearth plate 22 on'which
the bridge or crown to be fired is placed. When:closing,
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has the claimed invention. It should also be appreciated
that in FIGS. 2 and 3 the outer sheet metal decorative
skin as shown, for example, in FIG 1 has been ornrtted
fer clarity. |

- As shown i FIG. 3, the furnace portion includes a
base plate 24 having an opening 26 through which ob-
jects are loaded into the furnace. Carried by base plate
24 1s a generally conventional muffle 28 which encloses
a firing chamber 30. This firing chamber is open at its
bottom for communication with base plate opening 26.
The muffle maybe made of any suitable material such as
fire brick or any of the filter molded heat insulating
materials as is well known in the art. The incorporation
of heating means in the muffie is also well known in the
art and such heating means is represented in the FIG-
URE by electric resistance heating coils 32 wh1eh are
disposed about the firing chamber 30..

The muffle 28 at its top and sides, is enclosed within
a thin sheet metal skin 34. Attached about the lower
periphery of the sheet metal skin are a plurality, prefera-
bly four, L-shaped brackets 36. Each bracket is pro-
vided with an opening adapted to receive a muffle lo-
cating pin 38 which is fixed to and upstands from base
plate 24. Moreover, brackets 36 extend slightly below
the bottom-edge of the muffle so that a small gap 40
exists between base plate 24 and the bottom of muffle
28 | |

Extending from about the. upper periphery of the
sheet metal skin, are a plurality, again, preferably four,
leaf springs 42. These springs, as will be described here-
inbelow,  are biased against the upper surface of the
vacuum chamber for holding the muffle against base
plate 24. In any event, as best shown in FIG. 3, con-
struction may be facilitated by spot welding the leaf
springs 42 to the ends of brackets 36 and then attaching
the brackets to the side of the metal skin 34 by any
suitable means such as screws 44. |

Surrounding the muffle 28 is the cylindrical, metal
wall 46 of a vacuum chamber 47. The bottom of the
vacuum chamber is formed by base plate 24 while the
top is formed by a top plate 48 which is similar to the
base plate 24 except that there is no central opening.
Both base plate 24 and the top plate 48 are provided
with grooves 50, §2 respectively which are concentric
with the lower and upper ends of cylindrical wall 46
(FIG. 3). O-rings 54, 56 located 1n each of these grooves
act to provide an air tight seal between the ends of the
cylindrical wall 46 and the bottem and top plates 24, 48
respectlvely

As best seen 1 FIGS. 2 and 3, base plate 24 and top
plate 48 extend beyond the outer periphery of cylindri-
cal wall 46. This is done to accommodate upright spacer
bars 58 which serve to connect the top plate 48, cylin-
drical wall 46 and base plate 24 together. This 1s accom-
plished by simply attaching the spacer bars to the base

- plate by any suitable means such as screws 60. The top

plate 48 is then placed on the spacer bars and attached
to the other end of the spacer bar by screws 62. The
spacer bars 38 are each essentially the same length as
cylindrical wall-46 so that the top and base plates can be
snugged against the O-rings 54, 56 to form a seal about
the upper and lower ends of the cylindrical wall. More-
over, when the top 48 is attached, it bears against
springs 42 to hold the muffle in position over locating
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pins 38. The spacer bars also serve to locate and position
ey]mdrlca] wall 46 1n a correct position with respect to
O-rings 54, 56.

In order to be able to draw a vacuum within the
vacuum chamber 47 as deftned by cylindrical wall 46,
base plate 24 and top plate 48, the door 15 which closes
the opening 26 must seal against base plate 24. This is
accomplished by fixing an annular ring 66 to the bottom
surface of the base plate about opening 26. The outer
periphery of this ring is slightly concave to accept an
O-ring 68. The nominal diameter of O-ring 68 is slightly
greater than the thickness of ring 66 so that a portion of

the O-ring is exposed and extends below the level of the
ring. Accordingly, as door 15 is closed, the upper sur-
face of the door bears against this O-ring 68 to provide
an airtight seal.

Completing the structure as shown in FIGS. 2 and 3
1s a connection 70 for a vacuum line which extends
through cylindrical wall 46.

- In operation, the porcelain article to be fired is placed

on the hearth plate 22 when the door 15 is in the open
position as shown in FIG. 1. Apparatus (not shown) is
then operated to partly close the door so that the object
1s below or only partly in the firing chamber 30. From
this position, the porcelain article is dried and preheated
by gradually closing the door in a series of incremental
steps. Time between steps can be varied according to a
preselected program set on the control console 14 so
that the operator can specify the overall closing time.
Thereafter, the door i1s fully closed so that it seals
against O-ring 68 and locates the article to be fired fully
within the firing chamber.

Thereafter, the vacuum pump (not shown) may be
operated to evacuate the air from within the vacuum
chamber 47. Since brackets 36 support muffle 28
slightly above base plate 24, any air within the firing

chamber 30 is drawn through the gap 40 so that a subat-

mospheric pressure also is created within the firing
chamber 30. As the negative pressure is drawn, atmo-
spheric pressure exerted on the base and top plates 24,
48 enhance the sealing against O-rings 54 and 56 to
maintain the pressure tight environment within vacuum
chamber 47 during the firing sequence.

Thus, 1t will be appreciated that the present invention
provides a vacuum firing porcelain furnace having sev-
eral unique characteristics. For example, by locating an
O-ring 68 at the bottom of base plate 24 and about the
exterior periphery of annular ring 66, the O-ring is not
directly exposed to the heat of the firing chamber 30
when the door 15 is opened or closed. This provides for
a longer O-ring life.

Also, should the heating element 32 burn out, or be
damaged, replacement of the muffle 28 can be accom-
plished quickly and easily simply by removing the top
plate 48, lifting old muffle out of cylinder 46, and then
inserting a new muffle so as to locate the brackets 36
over the locating pins 38. Replacement of the top plate
48 then draws all the parts together as described herein-
above. This muffle replacement can be accomplished in
the matter of a few minutes.

It should be appreciated that there are various tem-

peratures sensors and other controls attached to the top
surface of the muffle but these have not been shown as
they play no part of the invention. Such connections
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1. A vacuum firing porcelain furnace including a
vacuum chamber and means for evacuating the cham-

‘ber, said furnace comprising:

(a) a top plate, base plate and an upright side wall
deﬁning said vacuum chamber, said base plate hav-
ing an Openmg therethrough;
(b) a muffie in said vacuum chamber, said muffle
enclosing a firing chamber which communicates
with said opening; ' |
(¢) locating means on said muffle and cooperating
with said top and bottom plates for locating and
holding said mutitle in a preselected position against
said base plate said locating means including
(1) an L-shaped bracket having a first leg fixed to
 the periphery of said muffle and a second leg
extending outward from said muffle, said second
leg having an opening therethrough, and

(11) a locating pin on said base plate adapted to be
received in said bracket opening for locating said
muffle at a preselected position within said vac-
uum chamber;

(d) seal means carried by said base plate about the
lower periphery of said opening, and

(e) a door supported by said furnace for movement
upward against said seal means to close sald open-
ing. |

2. A furnace as in claim 1 wherein said first leg ex-
tends downward from the periphery of said muffle for
supporting said muffle above said base plate, said base
plate and muffle defining a space therebetween which
provides communication between said vacuum cham-
ber and said firing chamber.

3. A vacuum firing porcelain furnace 1nclud1ng
vacuum chamber and means for evacuating the cham—
ber, said furnace comprising: -

(a) a top plate, base plate and an upright side wall
deﬁmng said vacuum chamber, said base plate hav-
ing an 0pen1ng therethrough;

(b) a muffle in said vacuum chamber, said muffle
enclosing a firing chamber which communicates
with said opening;

(c) locating means on said muffle and cooperating
with said top and bottom plates for locating and
holding said muffle in a preselected position against
said base plate said locating means including a leaf
spring biased between said top plate and said mulf-

- fle for urging said muffle towards said base plate;

(d) seal means carried by said base plate about the
lower periphery of said opening; and

(e) a door supported by said furnace for movement
upward against said seal means to close said open-
ing.

4. A furnace as in claim 3 wherein said leaf spring is
fixed to the upper portion of a member which is fixed to
and extends downwardly along the periphery of said
muffle, the lower end of said member terminating in an
L-shaped bracket for supporting said muffle on said
base plate. -

5. A furnace as in claim 4 including a pin upstanding
from said base plate; and said bracket having an opening
therein for receiving said pin to locate said muffle at a

predetermined position on said base plate.

6. A vacuum firing porcelain furnace including a
vacuum chamber and means for evacuating the cham-

would not materially mterfere with the replacement of 65 ber, said furnace comprising:

the muffle.
Having thus described the invention in detail, what is
claimed as new 1s:

(a) a top plate, base plate and an upright side wall
defining said vacuum chamber, said base plate hav-
ing an opening therethrough;
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(b) a muffle in said vacuum chamber, said muffle
enclosing a firing chamber which communicates
with said opening;

(c) locating means on said muffle and cooperating
with said top and bottom plates for locating and
holding said muffle in a preselected position against
sald base plate;

(d) an annular member fixed to the bottom of said
base plate about said opening, the exterior periph-
ery of said annular member defining a seal seat;

(e) a seal in said seat; and

(f) a door supported by said furnace for movement
upward against said seal to a closed position, said
seal being adapted to engage against said door
when said door is in said closed position.

7. A furnace as in claim 6 wherein the exterior periph-
ery of said annular member is concave and said seal is an
O-ring, the nominal diameter of said O-ring being
shightly greater than the height of said annular member.

8. In a furnace including a vacuum chamber, means to
evacuate the vacuum chamber, a muffle within the
vacuum chamber, means for loading articles into the

4,332,553
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(a) said vacuum chamber having a cylindrical wall, a
base with an opening therethrough and a top;

(b) O-ring seals between the top and bottom edges of
said cylindrical wall and said top and base respec-
tively; |

(c) spacer bars upstanding from said base about the
periphery of said cylindrical wall for locating said
cylindrical wall at a predetermined position on said
base; and -'

(d) means fixing said top to the upper ends of said
spacer bars to permit snug engagement of said top
and base to the top and bottom edges of said cylin-
drical wall.

9. A furnace as in claim 8 including bias means be-
tween said top and said muffle for urging said muffle
against said base.

10. A furnace as in claim 8 or 9 including cooperating
means on said muffle and base for locating said muffle at
a preselected position on said base. |

11. A furnace as in claims 8 or 9 including an annular
member on the lower surface of said base about said
opening, the outer peripheral surface of said member
being concave; and an O-ring seal seated in said con-
cave surface and engaging against said door when said

muffle through the bottom of the vacuum chamber, and 25 door is in the closed position.

a door for the opening, the improvement comprising:
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